This paper systematically analyzes the models and processes related to wordof-mouth spreading in social networks. This paper simulates the characteristics and rules of word-of-mouth spreading on social network platforms, adopts network evolution models as well as virus spreading models which can precisely reflect the process of word-of-mouth spreading. By computer simulation, the effect of several kinds of parameters in networks and in wordof-mouth spreading model is analyzed. What has been proved, through parameter analysis, is that the secondary "push" of the key node (opinion leader) in social networks has played a significant role in promoting word-of-mouth spreading. In practical applications, shopkeepers can act appropriately to the situation, which means they put in a second period of advertise appropriately after placing one advertisement at random in order to save costs and increase efficiency.
Introduction
More and more companies are aware of the status of social media in the wordof-mouth spreading process. For the past few years, with the tremendous popularity of e-commerce and e-payment, online shopping has already become a preferred choice for most consumers in the market. As a new social media in recent years, Weibo realizes information sharing, dissemination and acquisition based on user relationships. Through the internet terminal, the users update the Unlike traditional retail outlets with limited goods shelves, online retail outlets place all products for customers' selection. However, online shopkeepers also need product shopping guides/consultants to introduce and recommend products to potential customers, so as to avoid customers losing during the search and selection process because of the numerous alternative products. Therefore, how to attract the attention of potential consumers, that is, "eyeballs", has become a hot issue for product suppliers under the platform economy.
Among all various online marketing strategies, friend recommendation is one of the most efficient marketing strategies. The friend recommendation referred to in this article refers to the supplier inviting some users with great charisma/impact to recommend products to their friends or fans. Owing to the recommendation and promotion of these great users, the word-of-mouth spreading and product purchase will be triggered. Given that friends recommend, a "spontaneous" marketing approach, product suppliers can quickly push products to potential customers in the market at the cost of "zero cost". What's more, the "friendship" between the sender and receiver makes the recommended effect much higher than traditional advertising marketing. Thus, user recommendation becomes the most successful online marketing pattern. For example, WeChat marketing, Weibo marketing, and Twitter marketing in practice are all successful applications of this type of online marketing.
In a word, how to select the most influential product "spokesperson"/"opinion leader" among potential customers has become the key to the online marketing.
Furthermore, how to evaluate the investment return rate of the product is also considered.
Based on this economic environment and marketing trends mentioned above, this paper put forward the search and evaluation method for the best product "spokesperson"/"opinion leader" and the best information release strategies through tests and a series of data analysis.
tem based on the analysis of social networks; Java et al. [5] also analyzed the topological structure of different types of social networks, such as web-based and micro-blog network, adopting data mining methods, and finally obtained their spreading characteristics.
The identification research of opinion leaders by domestic scholars mainly focus on several node centrality [6] [7] . Table 1 gives information on representative work in recent years. Table 1 showed some frequently-used nodes centrality index. In addition, the network of users is often obtained by adopting a scale-free network generation algorithm, and the virus SIR model is often applied to word-of-mouth marketing.
Among all evaluation methods and selection strategies for key nodes in information diffusions research field, we find that these key nodes are usually analyzed as source nodes. For information that appears randomly in the network, the professional FAQs platform, the small-world feature is also widely acknowledged (scale-free is another feature). Therefore, regardless of the data acquisition method or the actual network platform studied, it can be determined that the researched social network platform is a typical small-world network.
Based on the analysis above, this paper selects the small-world network as a platform for the research on word-of-mouth spreading. Moreover, given the authority of the Watts-Strogatz algorithm in the small-world network generation algorithm, this paper will also use this algorithm to generate a small-world network and analyze the process and information diffusion results [16] .
Analysis of Information Diffusion Process Model
In the research of the information diffusion models on social networks, the viral information diffusion model is regarded as the most widely used and validated model [17] . The viral information diffusion model, SIR model which we adopt in this paper, has defined the state and state transition rules of nodes. Specifically, the SIR model assumes that all nodes did not obtain information at the initial time, that is, there was no susceptible state nodes (S state) infected by virus. The entire information diffusion process is as follows:
1) Select one node randomly from all S-state nodes as the only source node for information diffusion. Then update the state of this node to infected state (I state).
2) Node A is randomly selected from the "I state" nodes. Then a neighbor node B is randomly selected: to spread the information. This state transition can be described as:
3) Repeat the above information diffusion process until there is no node with "I state" in the network. When the information diffusion platform of SIR model is homogenous or regular network, the process and result of information diffusion can also be modeled and analyzed using mean field theory [18] :
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We define S, I, R as the proportion of nodes in the network. When S + I + R = 1,
Equation (5) shows that the final result of information diffusion is that 79.6% of nodes in the network will obtain information (state R), while the remaining 20.4% of nodes will not obtain information (state S).
By the way, when the social network is a heterogeneous network, that is, when the distribution of nodes in the network is unevenly distributed and randomly distributed, the process and results of information diffusion are difficult to analyze using the mean field theory [18] . At this point, the only method is computer simulation analysis.
Analysis of the Practice of "Opinion Leader" in Information Diffusion
As mentioned above, in the practice of word-of-mouth information spreading, the role of key nodes has been accepted by the industry. However, how to choose and how to evaluate the nodes in the process of information diffusion is still in found that if the product supplier chooses a celebrity to help promote the product, it can always obtain a greater information diffusion effect. For example, on the Sina Weibo platform, Clinique's product promotion began on July 6, 2016.
On the day that products were launched, they invited two stars to help promote their products. On July 22, the merchants again invited the two stars to promote.
The entire product promotion, or we can say information diffusion campaign, attracted a total of 30.61 million fans, which attracted 860,000 fans and 70,000
followers.
Another successful product promotion activities on the Sina Weibo platform are also similar-"Lancome". The products went live on December 16, 2016.
Three days later, three celebrities were invited to help promote products, bringing the products topic exposure up to 45.27 million times.
These cases can sum up the following two empirical rules of practice:
1) After the product supplier releases the product information, a very short time later, they start up some important nodes to launch information promotion activities.
2) Product suppliers often choose celebrity stars because of the fact that important nodes help push information.
It also shows that in practical applications, the companies (source node) usually publishes information and simply selects the node with the largest degree of network to promote information diffusion. This paper will represent the actual social network in a scale-free network and use the SIR model of virus diffusion as a diffusion model for information diffusion.
For the selection of important promoter nodes in information diffusion, based on previous research results and combined with practical experience, this paper will compare and test various options, including the point centrality, closeness centrality, and between nesscentrality, to obtain their characteristic and effect.
Simulation Analysis of Information Diffusion Process
Based on the previous work, this paper adopts the information diffusion model on the scale-free network with the multi-agent modeling and simulation platform Netlogo 6.01. The parameters of WS small-world network algorithm are:
the total number of nodes N = 6400; the average degree of nodes k = 4, the reconnection probability of the links between the nodes is p = 0.20, and the triggered time of the second "push" process T p = 5.
Process and Result Analysis of Information Diffusion
When considering the role of the secondary "push" node in information diffu- nodes. The specific diffusion process is shown as follows:
1) Select one node randomly from all "S state" nodes as the only source node for information diffusion. Update the state of this node to infected state (I state).
At the same time, set the simulation clock T to 0, the initial state.
2) If the simulation clock T value is less than T p , follow the rules and procedures of information diffusion in the standard SIR model. That is, one node A is randomly selected from the "I state" nodes. From the set of connected nodes of A, one neighbor node B is randomly selected. If the state of the node B is "S state", the state of the node B is updated to the "I state", and the state of the node A does not change; if the state of the node B is "I" or "R", the state of the node B remains unchanged, and the state of the node A is updated to R status. At the same time, the simulation clock T is advanced one unit, i.e. T = T + 1.
3) If the value of the simulation clock T is equal to T p , the secondary "push" of information diffusion is triggered. At this time, according to certain rules, one node is selected from all "S state" nodes as a secondary "push" node, then is updated to "I state". At the same time, the simulation clock T is advanced one unit, i.e. T = T + 1. 4) If the simulation clock T value is greater than T p , reoperate the rules and procedures for information diffusion in the standard SIR model. At the same time, the simulation clock T is advanced one unit, i.e. T = T + 1.
5)
Repeat the above process until there is no node with "I state" in the network. The following gives the selection strategies of the secondary "push" node often used in practice-the node with the largest degree. Analyze the single simulation process and result when T p = 5. Figure 1 shows the results of a single simulation with standard SIR model. Comparing the results of the two simulations, it can be seen that although the information spreading speed is faster in the standard SIR model, that is, the ratio of the "I node" in Figure 1 (a) is reduced to 0 earlier (simulation clock T = 325), but the spreading rate of the information diffusion network under secondary "push" is even greater (= 0.5375), which means the ratio of the "R state" node in Figure 1(b) is greater. The role of the "push" nodes can be concluded from this result.
Repeat the simulations 500 times, and get the final result of information diffusion under the second "push" spreading:
In Table 2 , it can be seen that under the push of the node with the largest degree, the information spreads more widely than the situation without its function, around 2.49 times (= 0.0620/0.0249).
How to Select a Secondary "Push" Node
Based on previous research, this paper continues to test and compare the information diffusion of three different nodes selection strategies. Specifically, it includes strategies: the node with the largest degree centrality, the node with the largest closeness centrality and the largest betweenness centrality.
As shown in Table 3 , on the same network, the node with the largest degree centrality has the best promotion effect on the information diffusion: the information spreads faster and more widely. This shows that the choice in reality is quite scientific and reasonable.
The Effect of Reconnection Probability p in Small-World Networks
According to the description of the Watts-Strogatz small-world network algorithm, when the probability of reconnection probability p is approximate to 0, the network is approximate to a regular network; When the reconnection probability p is approximate to 1, the network is approximate to ER random network. Table 4 shows the effect of reconnection probability p on the information diffusion under the premise that the number of nodes in the network N = 6400 and the average degree of nodes <k> = 4.
The data in Table 4 is shown in the form of line graph, which clearly contrasts the influence of the second "push" nodes on the spreading process.
In Figure 2 , we can conclude:
1) It has a significant role in promoting information diffusion, whichever strategies you choose;
2) With the increase of p value, the original network diameter become more and more small, and it gradually stabilizes at 14, and the ratio of received nodes gradually stabilized at 0.35.
3) When the p value is close to 0 or close to 1, the secondary "push" effect of the node is not obvious. When the p value approaches to 0.5, the secondary "push" effect of the node is very obvious. Figure 2(d) we can say that the influence of three different nodes is nearly the same, and no node has obvious advantages.
4) From
In addition, we compare the total duration time of information spreading.
In Figure 3 , it can be seen that with the effect of the secondary "push" node, the duration time for information diffusion has increased significantly, but there is no significant difference between the three different nodes selection strategies.
The Effect of Average Degree <k> in Small-World Network
In order to make the analysis on the network characteristics more complete, here we set the average degree of the network respectively as 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30 , and set the network nodes size as 6400, the p value of the network as 0.2. The total duration time and final R ratio are shown in Table 5 .
The data in Table 5 is shown in the Figure 4 in the form of line graph.
In Figure 4 , it can be seen that, as the average degree of the network increases, the ratio of the final receiver of word-of-mouth spreading is getting larger and larger, and the duration time is much longer. However, when the average degree reaches 16 or above, the ratio and duration time both vary little, which means that social network operators do not need to make a network too compact to perform the secondary spreading will have no significant effect on the final result of word-of-mouth spreading.
Conclusions
From the information diffusion simulation and parameter analysis above, we draw the following conclusions:
1) Compared with once spreading, the secondary "push" spreading is more significant in promoting word-of-mouth spreading, making word-of-mouth have more receivers on the Internet and more endurable.
2) With the increase of p-value, the original network diameter become more and more small, and the corresponding result of information diffusion is gradually stabilized at a certain value. When the p-value is close to 0 and the p value is close to 1, the secondary "push" effect of the node is not obvious. When the p value approaches to 0.5, the secondary pushing effect of the node is very obvious.
3) With the increase of average degree, the ratio of information receiver becomes more and more large. When the average degree is close to a certain value, the ratio of receiver nodes and the duration time will not vary drastically.
Based on computer multi-agent simulation, this paper unites the relevant methods of spreading dynamics, concerns on some hot issues concluding 
